Little is known about the etiology of myelodysplastic syndromes (MDS) 
Introduction
Myelodysplastic syndromes (MDS) are a heterogeneous group of stem cell malignancies associated with an increased risk of transformation into acute myeloid leukemia (AML) (10-40%). 1 Even without progression to AML, there is substantial morbidity and mortality. Conventionally, MDS is classified into five morphologic subtypes according to the French-AmericanBritish (FAB) cooperative group classification: refractory anemia (RA); refractory anemia with ringed sideroblasts (RARS); RA with excess blasts (RAEB); RAEB in transformation (RAEBT); and chronic myelomonocytic leukemia (CMML). Most MDS cases (80%) are de novo (primary) MDS, the rest are therapy-related MDS, diagnosed after exposure to radiotherapy or cytotoxic chemotherapy. 2 Although many epidemiologic studies have focused on leukemias including AML, the etiology of de novo MDS is not well understood. The lack of reliable data concerning the epidemiology and etiology of MDS is due to problems with diagnosis and classification that have hampered the conduct of large-scale studies. Most of the initial data on factors associated with MDS risk were the result of occupational studies among workers exposed to benzene and other solvents. [3] [4] [5] [6] [7] Cigarette smoking, the greatest source of non-occupational benzene exposure, has been associated with MDS risk in several casecontrol studies. [8] [9] [10] [11] Associations with exposure to certain organic chemicals, pesticides, and radiation have been reported in some, [8] [9] [10] but not all studies. 12, 13 Alcohol use, autoimmune conditions, hair dye use, and genetic disorders (such as Down's syndrome, Fanconi's anemia, Bloom's syndrome, etc) have also been implicated in MDS development. 9, 14 The increasing incidence of MDS, possibly due to the aging of the population and greater diagnostic awareness, highlights the need for understanding the etiology of this disease. The present case-control study was conducted at the University of Texas MD Anderson Cancer Center (MDACC), one of the largest MDS referral centers in the US. The goal was to investigate the association of demographic and epidemiologic factors with risk of developing de novo MDS by FAB type and gender, and to correlate these exposures to cytogenetic aberrations.
Materials and methods
A total of 354 newly diagnosed adult de novo MDS cases and 452 controls were included in this case-control study. Cases were patients registered at MDACC between 1999 and 2003, with no restrictions on age, gender, or ethnicity. Cases were hematologically confirmed and classified according to the FAB classification system. Cases were not classified according to the new World Health Organization (WHO) classification system because this system was not fully adopted at MDACC until 2003. Cases were identified by the clinical staff at the time of their first visit and were prospectively enrolled into the study. The response rate among de novo MDS cases was approximately 85%. Reasons for non-enrollment included: patients living outside USA (4%), refusals (8%) or did not return the questionnaires despite several contacts (3%). There were 67 RA, 38 RARS, 43 CMML, 136 RAEB, and 70 RAEBT. This distribution is typical of our MDS population. Cytogenetic information was available for all cases. Clinical and pathological information was obtained by chart review and from the Leukemia Department's clinical database. Healthy controls, without a history of cancer, were recruited during the same time period as the cases from friends, family members, and visitors of patients at various outpatient clinics such as dermatology, head and neck, breast, urology, and gastroenterology. To avoid potential overmatching on exposures or family history of hematopoietic cancer, controls were not recruited from the leukemia or lymphoma clinics. Research interviewers identified potential controls at the time of patient registration and approached them to determine if they would be willing and eligible to participate in the study. Approximately 40% of our controls were friends/visitors, 35% were spouses, and 25% were other family members of patients. Controls were frequency matched to the cases on age (75 years), gender, and ethnicity. In all, 88% of the eligible controls contacted agreed to participate in the study.
Informed consent was obtained prior to the collection of epidemiological data according to the institutional review board rules. All cases and controls completed a validated selfadministered questionnaire, 15 available in both English and Spanish, that assessed demographic information, medical history, lifetime smoking, alcohol consumption and occupational history, and family history of hematopoietic cancer (lymphoma, leukemia, multiple myeloma, and MDS) among first-degree relatives. Participants were provided with a postagepaid envelope to return the questionnaire. After the questionnaires were returned and coded, a research interviewer, if necessary, contacted the participant to complete or clarify the information provided.
Data analysis
Lifetime occupational history included job title, major duties, equipment used, work done by the company, and period of employment for each job. Exposure to fertilizers, pesticides, herbicides, benzene, solvents, gasoline, and ionizing radiation was estimated based on each occupation held full-time for at least 1 year using a job-exposure matrix (JEM) developed by the National Cancer Institute. 16 The JEM assigns an intensity level of exposure for each job title with four levels: none (0), low (1), medium (2) , and high (3). An exposure index for each job was calculated based on the level of exposure Â number of years of exposure for each substance. As levels of exposure for particular substances varied in some participants over their lifetimes, a cumulative exposure index was calculated to reflect the lifetime exposure history for that particular substance.
Smokers were defined as those participants who had smoked more than 100 cigarettes in their lifetimes. They were further categorized as 'current smokers' or 'former smokers' defined as those who had quit more than 1 year previous to diagnosis for the cases or to the interview date for controls. Pack-years were calculated based on the average number of packs smoked per day Â the numbers of years smoked. Participants were also asked to report their usual weekly consumption of wine, beer, and hard liquor over their lifetime. Participants were classified as being alcohol drinkers or non-drinkers. Alcohol drinkers were defined as those who drank an average of one drink or more per week of any type of alcohol for at least 1 year. Alcohol drinkers were further categorized by specific type of alcoholic beverage consumed. 'Wine drinkers' were defined as those who drank wine alone or in combination with other beverage types (beer and/or hard liquor); 'beer drinkers' were those who drank beer alone or in combination with other beverage types; and 'liquor drinkers' were those who drank liquor alone or in combination with other beverage types. To specifically address the effect of wine drinking on MDS risk, we also categorized drinkers as 'wine drinkers' (already defined) vs 'other drinkers' (those who drank only beer and/or liquor). Weekly consumption was calculated for each type of alcohol.
Descriptive analyses were conducted through cross tabulations using w 2 tests. To estimate associations between each exposure and risk of MDS, odds ratios (ORs) and 95% confidence intervals (95% CI) were calculated for all MDS cases combined and by FAB type. As a result of their similar clinical characteristics, patients with RA and RARS, and patients with RAEB and RAEBT were combined in the analysis. Differences in exposure indices between cases and controls were compared using the Mann-Whitney test. For exposures with three or more categories, a trend for proportions (CochranArmitage trend test) was used. Tests for linear trends were performed on ordinal variables by including them in logistic regression models as continuous variables. Multivariate logistic regression analysis was used to estimate the OR simultaneously adjusting for all variables along with 95% CI. Independent models were run for different FAB types and each gender. All statistical analyses were performed using SPSS (Version 10.1, Mathsoft Inc., Seattle, WA, USA) statistical software.
Results
Demographic characteristics of the study subjects are shown in Table 1 . As a result of successful frequency matching, MDS cases and controls were comparable with respect to age, gender, and ethnicity. Cases and controls had similar education levels.
Crude ORs for all MDS combined by gender are shown in Table 2 . Both male and female cases were more likely to report having a parent, sibling, or child diagnosed with a hematopoietic cancer than controls. Smoking status and intensity were associated with increased MDS risk in both men and women. MDS risk decreased with increased time since smoking cessation (trend test, P ¼ 0.001), becoming statistically insignificant in those who had quit smoking longer than 15 years prior to diagnosis.
There were no significant case-control differences by gender between alcohol drinkers and nondrinkers. However, drinking wine only or in combination with beer and/or liquor had a strong protective effect in both genders. Although the number of participants who reported drinking only one type of alcoholic beverage was small, drinking only wine was associated with the lowest risk among men. The largest protective effect of wine was found among 220 participants who reported drinking an average of up to one glass of wine per day (OR ¼ 0.55; 95% Table 1 Characteristics by case and control CI ¼ 0.38-0.79). Drinking more than one glass up to two glasses per day was associated with a 30% non-statistically significant increased risk of MDS (OR ¼ 1.30; 95% CI ¼ 0.60-2.82), and drinking more than two glasses of wine per day was associated with a 68% non-statistically significant increased risk (OR ¼ 1.68; 95% CI ¼ 0.47-6.09).
A lifetime history of occupational exposure to chemicals and radiation was analyzed. Among men, a high exposure level and duration to agricultural chemicals (either fertilizers, herbicides, or pesticides) were associated with increased risk. As only three women reported working as farmers, risk could not be calculated. The majority of cases and controls exposed to agricultural chemicals were farmers (84 and 82%, respectively). Cases, both men and women, were more likely to have been exposed to solvents than controls. Risk increased with greater intensity level and duration of exposure in men. Similar associations were found among women; however, these did not reach statistical significance, possibly due to small numbers.
The most commonly reported occupations with solvent exposure included automobile mechanics (24%); oil field/petrochemical/chemical operators (20%); gas station operators (13%); and painters (11%). No significant associations were observed between occupational ionizing radiation exposure and MDS risk in men or women, although the risk estimates were elevated. The multivariate analyses including all variables in Table 3 and education indicated that smoking, agrochemical exposure, and solvent exposure were each independently associated with increased risk of developing MDS, while wine drinking was protective in both men and women.
The joint effects of chemical exposure by smoking status for all participants were also assessed (Table 4) . Solvent and agricultural chemical exposures were combined since most participants (90%) who reported exposure to agricultural chemicals were also exposed to solvents. The highest risk was found among smokers who were also exposed to chemicals as compared to never smokers without chemical exposures. 
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Since MDS is a heterogeneous disease, data were analyzed by FAB type (Table 5 ). Patients' characteristics were not significantly different by FAB type. However, RAEB/RAEBT patients were more likely to be current smokers and to have been exposed to solvents than RA/RARS patients. Multivariate analyses with simultaneous adjustment for variables included in Table 6 and education were performed by FAB type. Results showed that for RA/RARS, having ever smoked and being exposed to high levels of agricultural chemicals were statistically significant independent predictors of risk. Drinking wine was associated with a statistically significant reduction in risk. No increase in risk was found among those exposed to benzene and other solvents through their occupations. A slight increased risk was found among those who reported a positive family history of hematopoietic cancers. For RAEB/RAEBT, having a positive family history of hematopoietic cancer, being a former or current smoker, and having been exposed to high levels of agricultural chemicals as well as to high levels of benzene/ solvents/gasoline remained significant risk factors after adjustment for all the other variables. Drinking wine was a statistically significant protective factor. Owing to the small number of CMML cases (n ¼ 43), we did not perform a multivariate analysis.
Associations between chromosomal aberrations and specific exposures were assessed to determine whether risk differed by cytogenetic status. Compared to cases with normal karyotypes, patients who had chromosomal abnormalities were more likely to be ever smokers (73 vs 59%) (OR ¼ 1.92, 95% CI ¼ 1.22-3.03). No distinct patterns were found with respect to chromosomal aberrations and occupational chemical exposures.
Discussion
The identification of epidemiological factors that predispose individuals to MDS has been difficult. Most previous studies have included small numbers of patients with analysis performed on all FAB types without addressing disease heterogeneity. We believe that this is one of the first studies to analyze risk of MDS by FAB type and gender and the first casecontrol study conducted in the United States.
Our results confirm the association between cigarette smoking and MDS risk reported by several, 9,11,17 but not all studies. 8, 18 We found that MDS patients were more likely to smoke and to have higher pack-years than the matched controls. This biologically plausible association was present in both genders and in all FAB types. The only large study that analyzed smoking by FAB type found an association only with the RARS type. 17 This difference could be due to the difference in the study populations. Tobacco is the major source of nonoccupational benzene, and a higher concentration of benzene has been found in the urine of smokers than in nonsmokers. 19 Our data also showed that the increased risk associated with smoking started to decline 5 years after smoking cessation, yet remained a significant risk factor until 15 years after smoking cessation. These data suggest that smoking could have a longer effect in MDS development than the 5 years suggested by Bjork et al.
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The role of overall alcohol consumption on risk of MDS has been explored in a few studies with conflicting results. 9, 14, 20, 21 In the present study, we had the opportunity to analyze the effect of specific alcoholic beverages. Wine consumption in moderate amounts was associated with a decreased risk of MDS. The protective effect of wine was present in both genders and all FAB types and persisted after adjustment for all relevant variables including education. The strongest reduction in risk for wine drinkers was found among those drinking up to one glass of wine/day. In the last years, evidence is accumulating that drinking low to moderate amounts of wine might have beneficial effects decreasing the risk of several diseases including some cancers. [22] [23] [24] [25] Resveratrol, an antioxidant found in the skin of grapes, especially red grapes, has been shown, in in vitro and in vivo studies, to affect initiation, promotion, and progression of different cancers, including leukemia. [26] [27] [28] Different mechanistic pathways have been proposed for its antileukemic effect including induction of leukemia cell differentiation, apoptosis, cell cycle arrest, and inhibition of DNA synthesis. 29, 30 The low in vivo toxicity of this compound would indicate that further research is warranted to determine its potential as an antileukemia agent. In the current study, we did not have information on the type of wine consumed. Future studies should differentiate between red and white wine.
We found an increased risk of MDS among those who reported occupational exposures to solvents and agricultural chemicals. However, these associations differed by gender and FAB type. Our results agree with previous reports linking solvent exposure 8, 18, [31] [32] [33] and agrochemical exposure 18, [31] [32] [33] to MDS risk. Two of these reports have shown differences in risk by gender, with only male MDS cases being more likely to have been exposed to solvents than controls. 10, 18 Our data support the association between being exposed to pesticides, herbicides, or fertilizers and risk of MDS found in some [31] [32] [33] but not all previous studies. 8, 34 This association was found among men but not women, possibly due to the limited number of women who reported exposure to agrochemicals. In contrast, Ciccone et al Table 5 Characteristics by FAB type among cases reported a statistically significant association with exposure to pesticides only among women.
Our results indicated that the RAEB/RAEBT group, which has the highest transformation rate to AML and therefore a poor prognosis, showed the strongest association with exposure to solvents and agrochemicals, which agree with a previous Italian study 31 but differ from recent data. 34 Our findings that smokers who were also exposed to chemicals had the highest risk of MDS as compared to nonsmokers without chemical exposure suggest an interaction between these two factors that needs to be considered when determining overall risk.
The association we found between a positive family history of hematopoietic cancers and increased MDS risk has been previously suggested. 8, 32 However, this is the first report showing that this association is significantly stronger in the RAEB/RAEBT group. The role of genetic susceptibility in modulating MDS risk is now under investigation by several groups.
We realize that the WHO has devised a system that is replacing the FAB system used here. Future studies using the WHO classification system, which may define morphological subgroups that are more homogenous with respect to etiology, will allow the identification of risk factors for specific groups such as the -5q syndrome. For the current study, a great majority of patients were entered before we adopted the WHO system in 2003. It would be logistically difficult to review the bone marrow morphology in these patients to note whether they belonged to the WHO category 'refractory cytopenia with multilineage dysplasia', which has no FAB equivalent. Further, using the FAB classification system allows us to compare our results with previous studies.
Since this study was a hospital-based case-control study, there were inherent limitations. The patient population of the MD Anderson Cancer Center is subject to the vagaries of referral patterns. Our patient population is younger and has a higher frequency of RAEB/RAEBT types compared to other reports, 35, 36 and therefore may not be fully representative of the overall MDS population. To minimize the potential for selection bias and recall bias, we selected healthy controls among visitors accompanying patients to various MDACC outpatient clinics. As the controls have not had a history of cancer and were recruited from a variety of clinics, we believe that the possibility of overmatching on relevant risk factors is low. Since the patients were prospectively identified at the time of registration, we were able to collect data from the patients themselves, avoiding the need for proxy interviews. To obtain exposure information, we collected a lifetime job history with information on the exposures, job performed, and industry. Although we did not verify the occupational histories, it has been suggested that self-reported occupational exposure could be useful in epidemiological studies when documented occupational exposure is not available. 37 In conclusion, this case-control study suggests that several factors play a role in the development of MDS with differences found by gender and FAB type. Although the point estimates associated with these risk factors are relatively small, the exposures are common and therefore their impact on population MDS risk may be very significant. Our findings on the protective effect of wine consumption as well as the increased risk associated with occupational exposures and smoking suggest that the etiology of MDS is complex, underlying the heterogeneity of these syndromes. Future studies should be developed to address specific exposures in the context of MDS heterogeneity and they should integrate markers of genetic susceptibility. 
